Thoracic injury is a common reason for patients to be admitted to major trauma centers. It accounts for 25% of traumatic deaths 1 and the mortality rate ranges from 10% to 40%. Background/Purpose: Predictors of mortality in blunt chest trauma patients have mostly been studied by univariate analysis. This study used multivariate analysis to identify the independent predictors in these patients admitted to a surgical intensive care unit (SICU). Methods: One hundred and twenty-seven blunt thoracic trauma patients consecutively admitted to a SICU were enrolled and evaluated by quantified injury severity scores including Acute Physiology and Chronic Health Evaluation II (APACHE II), Glasgow Coma Scale (GCS), Therapeutic Intervention Scoring System (TISS) and Injury Severity Score (ISS). Incidence of thoracic and extrathoracic injuries, transfusion and resuscitation volumes, PaO 2 /F I O 2 ratio and the presence of shock were also evaluated.
There has not been a standard to aid the physician's decision regarding a patient's need to be hospitalized in a general ward or a critical care unit. The assessment of chest trauma patients who require intensive care usually relies on subjective clinical diagnoses. However, not all patients admitted to an ICU are at a higher risk of unexpected complications or death and may only need a short period of intensive monitoring and treatment; they can then be safely withdrawn from ICU care.
Outcome predictors of patients with thoracic injury have been described, which included advanced age, [5] [6] [7] the presence of hypertension, 8, 9 numbers of units of blood transfused, 7, 8 oxygenation ratio (PaO 2 /F I O 2 ) on admission, 7, 8 Glasgow
Coma Scale (GCS), [8] [9] [10] [11] trauma score 4, [6] [7] [8] 12 and
Injury Severity Score (ISS). 4, 8, 9, 11 Most of these studies investigated the predictors either by descriptive or by univariate analysis. For effective therapeutic management, independent risk factors must be identified. This study evaluated these risk factors concurrently by using multivariate analysis to identify the independent risk factors of mortality in patients with blunt chest trauma admitted into a surgical ICU.
Patients and Methods
The study was conducted at Changhua Christian Hospital-a 1500-bed inpatient teaching hospital located in central Taiwan. Patients with a primary diagnosis of chest trauma consecutively admitted into the surgical ICU between January 2002 and December 2003 were candidates for the study. The inclusion criteria of chest trauma patients who entered the ICU were intrathoracic injuries with hemothorax, pneumothorax, flail chest or acute respiratory insufficiency and associated extrathoracic injuries including head trauma, internal bleeding and pelvic or extremity fractures. We used the Ninth Revision of the Clinical Modification of the International Classification of Disease (ICD-9-CM) as coding of diagnosis. Subjects aged more than 18 years old and those who met the following ICD-9 codes were enrolled: 860-860.5 (traumatic pneumothorax and hemothorax), 861-861.32 (injury to heart and lung), 862-862.9 (injury to other and unspecified intrathoracic organs), 807-807.6 (fracture of the ribs, sternum, larynx and trachea), 810 (fracture of the clavicle) and 922.1 (contusion of chest wall). Patients were excluded from this study if they had a late ICU admission (more than 24 hours after the accident), central nervous system (CNS) injury/abdominal uncontrolled hemorrhage and died within 24 hours after ICU admission, cardiopulmonary resuscitation (CPR) before ICU admission, and penetrating chest trauma.
The recorded data of study subjects included ICD-9-CM, age, gender, outcome (survival or death), length of stay (LOS) in ICU, PaO 2 /F I O 2 ratio, Acute Physiology and Chronic Health Evaluation II (APACHE II) score, 13 Therapeutic Intervention Scoring System (TISS) point, 14 GCS score and ISS. 15 APACHE II, TISS, GCS scores and PaO 2 / F I O 2 ratio were routinely evaluated and recorded during the first ICU day. APACHE II consists of 12 acute physiologic variables, age and chronic health evaluation; the acute physiology score was based on the most abnormal, i.e. the worst value during the first 24 hours of ICU admission. The type and amount of monitoring and treatment received on the first ICU day was recorded using TISS; the higher the TISS value, the greater the medical skill, time and effort required. Arterial blood gas was routinely aspirated after ICU admission and the PaO 2 /F I O 2 ratio calculated. ISS was recorded at the final disposition which was the sum of the squares of the three highest maximum Abbreviated Injury Scale (AIS) 16 scores for injuries to different body regions. Associated intrathoracic injuries, including fractured ribs, hemothorax and pneumothorax were confirmed using chest roentgenograms, carefully reviewed and reported by a radiologist. ear, nose, mouth, pharynx), abdomen (stomach, small bowel and colon, liver, spleen, pancreas, mesentery, kidney, bladder, ureter, adrenal gland), orthopedic (spine, extremities, pelvic injuries) and others. Acute respiratory distress syndrome (ARDS) was diagnosed in patients on mechanical ventilation and with the following criteria: (1) acute onset; (2) infiltration of bilateral chest X-ray; (3) PaO 2 /F I O 2 ratio < 200; (4) central venous pressure < 15 mmHg; and (5) Lung Injury Score (LIS) ≥ 2.5. 17, 18 Shock was defined as a systolic blood pressure below 90 mmHg during the first ICU day. Blood transfusions and resuscitation volumes were calculated from the patient's admission into the emergency room until 24 hours after ICU admission. Mortality rate was recorded during ICU stay. This study was approved by the institutional review board of Changhua Christian Hospital. The requirement for consent was waived because no additional procedures or interventions were performed as a result of this study. The study had no effect on ICU admission policies or patient treatment.
Statistical analysis
The continuous data in this study were expressed as mean ± standard deviation and categorical data were expressed as frequency and percentage. By univariate analysis, the between-group differences in patients who were survived or non-survived and shocked or non-shocked were assessed by Student's t test for continuous variables and likelihood ratio χ 2 test, using Fisher's exact test, for categorical variables. Pearson's correlation coefficients between continuous variables were calculated to clarify their relationship and Spearman's correlation coefficient was used to identify the relationship between shock and continuous variables. Variables with p < 0.1 in univariate analysis were put into a forward stepwise logistic regression analysis which was performed on predictor variables to determine which variables were independently associated with the development of ICU mortality. Adjusted odds ratios (ORs) were derived from the estimated coefficients. All statistical tests were two-tailed and p values of less than 0.05 were considered to indicate statistical significance. Analysis was performed using SPSS version 10.0 (SPSS Inc., Chicago, IL, USA).
Results
During the 2-year study period, 139 patients with chest trauma were admitted to the surgical ICU at Changhua Christian Hospital. Of these, 12 were excluded because of late ICU admission (four cases), CNS injury/abdominal uncontrolled hemorrhage and died within 24 hours after ICU admission (four cases), CPR prior to ICU admission (two cases), or penetrating trauma (three cases). A total of 127 patients (28 female, 99 male) did not meet any of the exclusion criteria and were included in the analysis. The results showed that subjects were 44 ± 18 years old, 13 ± 6 in APACHE II, 13 ± 3 in GCS, 31 ± 15 in TISS, 24 ± 11 in ISS and 326 ± 148 in PaO 2 /F I O 2 ratio. LOS in the ICU was 5.5 ± 8.9 days (range, 1-34 days) and the mean length of mechanical ventilation was 4.8 ± 6.4 days (range, 0-84 days). ICU mortality rate in this study was low in that 14 of the 127 patients died (11%) ( Table 1) . The causes of injury were as follows: motorscooter crashes (71 patients, 56%), automobile crashes (30 patients, 24%), falls from a height (13 patients, 10%), pedestrian falls (eight patients, 6%) and assaults (five patients, 4%). Eighty-seven patients (69%) received intubations and 14 patients developed ARDS. One hundred and eleven patients (87%) had associated extrathoracic injuries. Eighty-four patients (66%) underwent surgical intervention and 45 of them underwent emergency operative procedures including laparotomy (29 cases), craniotomy (four cases), thoracotomy (four cases) and open reduction and internal fixation (eight cases).
Univariate analysis relating to baseline characteristics or variables to death are shown in Table 1 . Non-survivors had a higher APACHE II (p = 0.002), TISS (p = 0.019) and more presence of shock (p < 0.001) than survivors. In addition, non-survivors had a lower GCS (p < 0.001) and a lower PaO 2 /F I O 2 ratio (p = 0.002) than survivors. All the non-survivors had polytrauma. Of the 14 non-survivors, 12 patients died of a primary injury to their chest and two of a primary injury to their CNS. Of the amount of time spent in the ICU by the non-survivors, four patients died from severe thoracic injury, associated CNS injury and/or abdominal internal bleeding within 24 hours of ICU admission. Five more deaths came 1 week after ICU admission and they were caused by ARDS, sepsis and multiple organ system failure. The remaining five non-survivors died between 1 and 7 days in the ICU.
Rib fracture was the most common intrathoracic injury (69%), and abdomen (43%) and head/neck (41%) were the most common organ associated injuries. The incidence of bilateral injuries of rib fractures, hemothorax, pneumothorax and flail chest were 15% (13/88), 24% (20/83), 19% (8/50) and 21% (4/19), respectively. Among the patients with rib fractures, 64 had hemothorax and 36 had pneumothorax. The effect of rib fracture on hemothorax and pneumothorax showed that rib fractures significantly increased the presence of hemothorax (OR, 2.8; 95% CI, 1.28-6.15; p = 0.010).
The difference between shock and non-shock patients are shown in Table 2 . Shock patients had a higher APACHE II (p = 0.022), TISS (p < 0.001), ISS (p = 0.004) and a lower GCS (p = 0.012) score than non-shock patients. Blunt chest trauma patients with abdominal injury were more likely to have shock (p = 0.031), and shock patients had significantly higher volumes of blood transfusions and fluid resuscitations than non-shock patients (p < 0.001) ( Table 2 ). Mortality rate was also much higher in shock patients (p < 0.001). There were significant correlations among continuous variables of APACHE II, TISS, ISS, GCS and PaO 2 /F I O 2 ratio. The highest correlation was between GCS and APACHE II (correlation coefficient, −0.554; p < 0.001). Shock had a significant correlation with the injury severity scores of APACHE II, TISS, ISS and GCS (Table 3) . By multivariate logistic regression analysis, three risk factors were found to be independently associated with ICU mortality, namely level of GCS (every 1-point increase: adjusted OR, 0.76; 95% CI, 0.64-0.89; p = 0.001), PaO 2 /F I O 2 ratio (an increase of 50: adjusted OR, 0.75; 95% CI, 0.58-0.98; p = 0.036) and presence of shock (adjusted OR, 3.8; 95% CI, 1.24-11.69; p = 0.020) ( Table 4) .
The level of GCS was significantly associated with being in shock or not and oxygenation of PaO 2 /F I O 2 (Table 3) . Therefore, there were some collinearity effects between these independent variables, but they were not large enough to affect the results of regression analysis.
Discussion
This study tried to identify the independent prognostic factors of mortality in patients with blunt thoracic injuries. Chest trauma patients aged more than 50 years have been advocated to have a tendency of poor outcome. 5, 6 In this study, there were no significant differences between survivors and non-survivors in age because young men (age, 18-45 years) were the main subjects (50%). The incidences of pneumothorax and hemothorax were 39% and 65% in the study subjects. These are somewhat different to the 20-30% (pneumothorax) and 30-40% (hemothorax) in the literature. 3, 6, 8 The high incidence was probably due to the popular use of the motorscooter as the main type of transportation in Taiwan, where motorscooter crashes account for about 60% of motor vehicle injuries 19 because of lack of body protection. When motorcycle riders get blunt chest trauma with rib fractures, they are 7.7 times more likely to have multiple abdominal injuries and 13.9 times more likely to have thoracic injury than riders without rib fractures. 20 The number of rib fractures has been advocated to be associated with the presence of hemothorax or pneumothorax. 21 This study identified that a fractured rib increased hemothorax three times more than an By univariate analysis, scoring systems of injury severity (APACHE II, GCS, ISS, TISS) were significantly different between survivors and nonsurvivors except for ISS. ISS has been reported to be associated with prognosis in patients with chest trauma, 4, 6 but it was not a predictor of mortality in our study. The reason was that ISS in our non-survivors (27 ± 11) was lower than in previous reports, which were 35 ± 10 and 32 ± 10, respectively. 7, 11 The lower ISS was related to a higher percentage of motorscooter crashes when compared with previous reports 3, 4 in which automobile and car accidents were the leading cause of trauma. The APACHE II score is a severity of disease classification which relates inhospital mortality to ICU patients. 13 TISS has been used to determine nurse/patient ratio and to validate quantitation of classifying critically ill patients.
14 Though APACHE II and TISS were significantly different between survivors and non-survivors, they were not included as predictors of mortality in multivariate regression model which was probably due to their significant correlation with GCS and shock (Table 3) . Parenchymal injury in pulmonary contusion has been a highly significant cause of mortality in patients with multiple injuries of thoracic trauma. 22 The PaO 2 /F I O 2 ratio, a factor that is not measured by APACHE II, TISS, ISS or GCS, reflects the extent of lung parenchymal injury and it was not shown to be an independent predictor of mortality in our study. When compared with Kollmorgen et al's 7 report, our study had a higher intubation rate (70% vs. 42%) and PaO 2 /F I O 2 ratio both in survivors and non-survivors (340 ± 145 and 211 ± 124 vs. 238 ± 104 and 138 ± 107). The causes are considered to be a higher incidence of associated injuries (87%) and shock (47%) which required establishing a patent airway to maintain hemodynamic stability in the patients.
Either by univariate or multivariate analysis, GCS and shock were the major determinants of patient mortality compared with other variables; these findings accorded with previous reports that a lower GCS 4, [6] [7] [8] or the presence of shock 9, 19 increased patient mortality from chest trauma. Though both GCS and shock were independent variables in this study, there was a significant correlation between GCS and shock (Spearman's correlation coefficient, −0.150; p < 0.05), and a significantly lower GCS in patients with shock than those without (p = 0.012). Table 2 showed there was no significant difference of head and neck injuries between groups. Therefore, GCS did not play a significant role in the development of shock, but the presence of shock disturbed patient consciousness and resulted in lower GCS.
Volumes of blood transfusions and resuscitation on the first ICU admission day were not different between survivors and non-survivors, but they were significantly higher in shock patients than non-shock patients. This suggests that the transfusion requirement in the first 24 hours of ICU admission, as the presence of shock, reflects the severity of other injuries in patients with blunt chest trauma. There was no significant correlation between shock and PaO 2 /F I O 2 (Spearman's correlation coefficient, −0.068; p = 0.228), so shock would not come from thoracic injuries. Shock patients were more likely to have abdominal injuries (p = 0.031) and also had more blood transfusions and higher resuscitation volumes (p < 0.001), as shown in Table 2 , which indicates that shock came mainly from intra-abdominal bleeding. Emergency laparotomy rather than thoracotomy, as previously advocated, 9 was the major surgical procedure for our patients with internal bleeding. Shock patients had a much higher mortality rate than non-shock patients (22% vs. 1%). Therefore, early fluid resuscitation, blood transfusions and/or abdomen surgical management to correct hypotension are crucial to prevent the development of shock and to obtain a good outcome. We identified GCS, PaO 2 /F I O 2 and shock as the independent risk factors of mortality in blunt chest trauma patients, which were not concurrently reported in previous studies, and it provides clinicians with an easy method of judging patients' outcome and to develop an earlier strategy for appropriate management. A lower GCS, lower oxygenation ratio and the presence of shock were identified as independent predictors of mortality in patients with blunt thoracic injuries admitted to an ICU. It is crucial to avoid shock during the first ICU day, to identify a low GCS originally from CNS injury or hemorrhage shock and to maintain adequate oxygenation to improve survival.
